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STORAGE DOMAIN GUI 



Background n t^ r invention 

[0001] Graphical user interfaces (GUIs) that „c„ * 
known, as are certain ra ™r ^ * are 

are certain variations. One such variation is a Pitt ♦ 

pane tree & table combination USCS * ^ 

other Dane 

a corresponding table is illustrated in the 

hJX 31 a Jiatr : a ; manager ° u ' sws - * * ** - — 
^ the ^ c: . drive Lr^rd^ 160 ^ 0216 ^^ 

represent a slngle ^ ^ r ^1 °" 3 N<> »* 

hierarchy. A, so shown ^ ^ > ' S - the tree 

the first ,evel, corresponding TJ^TT r & * 
-ce; and node! at a LT ^T, °" ^ 

one of which represents a ii • . all-allotments node, 

node representing a single in., , gC consum ers. No 

Summary of th* T»^^ tfnT , 

Pordon concern,, aspLs of ^ZZ^^Z " 
illustrating a tree hierarchy: including, on the tree Mer 7 
•eve, corresponding to a set of a, leas, L fit ^ ^ * * * 
-ge dotnain; artd incindhtg, on the tree hiera^ ^Z^J^ 
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zr„;L"r;r r each second - ,evei node « - - 

10005, ol J 10 WlUCh tot correspond 

and the accompanying drawls deSCnPtI ° n ° f 

BrieLDescrintinn „f » hr IWinjr, 

10008] Fig. 1 is a„ architecture diagram of a stor»,„ „ 
to an embodiment of the invention ^ aCC ° rdin g 

circumstanee in which nse of the GUI cart arise ^P'" 

Zlv 3 dCPiCtS 3 ° n ^ »™ I— of Fig 2 

10011] And Fig. 4 depicts another graphical rJL T 
embodiment of the invent,-™ . m ^pmca, Portion accordmg to an 

2 mvention and corresponding to the graphical portion of Fig. 

e,. .Tie d?maL! S ^ C^tT " 3 ~ «» 

»e made of a graphical user mte^l a ** ^ ^ 

lnvenuon. ' acCOTdi "g to an embodiment of the 

[0013] Components of the storage domain 100 can indnrt 
-re providers .02 ,and optionaUy. 10 1. 103 ttcTjT, ^* 
-anager „ 8 of ^ NAS . devlce ^ -«* capacity, a 

various individual consumers of storag loT^OS no ^ 

groups of storage consumers 1,2 U4 1,6 e, „ VimOUS 

and/or architecture (NPA) ,04 threugh which Z 2 ' netW<>rking Pr0t ° C01 

^ mcn the components 102, 106-118 
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can communicate. A storage provider snch as 102 can be e , . „ 
attached storage (MAS) device. *" netWOrk 

(00141 The storage-consumers 106-116 are consumers in the sense 

d?mi e i ~;. tora ge capac,ty made — - — — * 

» r i^crr^T " providers of st ° rage 

components va, -^Lj^ ,^1^^ 
aasemued and evdves. TO us, the storage domain « " 

storageconsumersand/oraddltlonalprovtdersofstorage 

cons'r: ~.£r v- storage *— io °- - — 

— * by the ° f St0rage — "» taade 

~— allotment Id «T ^ '^^7^ 
« (more general*. ^ mana „ ^ « 
manager 118. Also, where permuted by the NAS-manager 118 th, t 
consumers ,06-116 can conduct wnltes/reads direcUy Z tn T* 
needing the Involvements^ erectly (m the sense of not 

via the NPA ,1 * « MS ™™- »« the NAS-device ,02 

(0016) As wm be described below, the NAS-manafier 1,8 mat 
a GUI according to an embodiment of the Invention T I "* 
"-nager 118 another embodiment of the T 8 ^ 

such a GU, can e fi enh a ' A P orUon ° f 

availabie by T ^ " * — • -»* -de 

example of L^Ze 2 -, Varl ° US *"*-*«-» ^ Ponents. An 
components Z^T nWnagement ™* - 

description provided bl^aT **" * "* PW «»»*«'« «° 

* the HewJl-Pac.L"! £ "tfT " ^ 

f00l71 i% • ii y D rand NAS8000 model of NAS-device. 

J r .shorran^^ - r rr- ioaded °- a 

connected to te NPA ,04 ,„ gen " " "f- ^ ^ ^ 

P^reeeive data an d/ or se "a an ^ \!T ^ 
componenis found in the host ,40 inCude: . m ZJ^J^ 
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142; volatile memory 144; non-volatile memory 152; . Aboard 146; a pointing 
device, e.g., a mouse, 148; and a monitor 150. 

[0018, -The NAS manager 1 18 ean generate a GUI 122 based upon the 

ou m " embodiment ° tthe — - «"** — ™ 

GUI 122 ean be a plug-m to an internet browser .20. The NAS deviee 102 can 
me ud boat 134 and a storage array 124 o f various individual storage u 2 
•26-132, eta. e.g., hard disk drives. THe NAS host ,34 ean include 
components skniiar to those of the host 140. Management so^treTos" 
■nteraets with the NAS-manager 1 18, ean be loaded on the host 134 « 
manager 118 and the hos t/ ma„ageme„t_software 134/138 ean be ha" ^ 
a chent-server architecture, respectively. 

(00191 An embodiment, a. teas, in par,, of the invention is the 
recognition of the Mowing. Storage domalns ^1 ^ 

~s on which mu,ti pl e users/groups have ZoJ ts 

r^=d~r— r to — : 

known NAS manager GU, provides a table for a shufle ffle T 
representing the associated users or groups but not Lb ^ ^ 

I002O1 jr.. o 01 USers md groups. 

W020J Fig. 2 depicts a graphical portion 200 of a »r k- T 

100 Th. tf u. i ' WmchmFl g- 2 » the context of a storage domain, e g 

50) POrtl ° n ^ bC dePiCted ' e g ' ° n * ^ -en e g 

50, ^ NAS . manager n8 _ produce ^ ^ (.g 

142, etc. generating the graphical portion 200. 

the ^ " ° f diSCUSSl ° n ' ^ graphiCal P^n 200 is couched in 

the example circumstances of a storage-domain 100 h, • 
fictitious storage rW.- aVmg Partteular albeit 

ous storage-domain components that exhibit particular albeit f« • , 
fictitious attributes H™~> +u , p uiar ait,eit (again) 

tributes. Hence, the graphical portion 200 has been Wustrated with 
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~ ™f S ° f ' abelS for lar examples of attributes, and 

-ample values for the attributes. It shou.d be understood that suoh labels 

2T: s - d values differ — - *— — - ^ 

use of the present GUI arises. 

lllusw 22 ! graPhlCaI POm ° n 200 ' S 3 b ~ t "«* "»* Eludes a porUon 

fllustraung a tree hierarchy 20! and a seeond Wustrating . tebIe ^ " 
oUowing description addresses ^ ^ J ^ ^e 

(further below) the table portion 204. 

[0023] A database 119 e t? an ,w w , , 

' e g - 311 b 9 L database loaded on the host l 
matntatns Information about the stora g e-d omaJ n 100 and the vart ts t rl 

iTseTrT " e tree ^ 201 can »» ~ed :i: 

database 1 19, or alternatively in the NAS-manager 1 18 as lists of H ♦ k- 
tiiira levei. The second-level nodes 9ft« ^ 

node 206 The **•,,, , 220 rep ° rt to Arst-level 

noae ^Ub. The third-level nodes 210 and 212 r^rt ^ «. 

208. The third-level nodes 216 and 2 ,« second-level node 

[00251 Th rePOlt t0 ^ node 214. 

10025] The present GUI constructs the tree-hierarchv 201 ™ t r «, 
node<* 9n« oon • ^cieircny ^ui out of the 

nodes 206-220 m a manner similar to how folders and flies are used , 
construct the known two-pane tree ft ,»w ^ ° 
the Windows® Explorer® "IT fflT ~ mb ™ U °» «vpe of GUI found in 
Microsoft® Corporation. Hence, tie reL otZ 7 ^ ^ 
Windows® Explore^-type GUI. ' *" adaPtaU ° n ° f 

(0026J Agata, for ^ ^ Qf e 

given the following speclflc labe]s P 2 ha - ««° 

example. context of the storage-domain 



Node # 


Label ~] 


206 


File_Volumes 


I 208 


fvl 



N de # 


Label 1 


214 


r fv2 


[216 


User.Quotas - Default" - 



IN de # 


Label 


210 


User_Quotas - Default 


212 


Group_Quotas - Default 
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Node # 


Label 


218 


Group_Quotas - Default 


220 


fv3 



The File_Volumes node 206 corresponds to the set of all fil 

^ ™e_v„ lumes node 206 :; e :;r • 0 a member ° f - « to - h 
-n. r r *r structure ' - *- — «' 

system indudes the XKS iype of me system, etc. .„ the stot^onT^f 
xp orerO type GUI. As such, eaeh is expandable, as indicated by 

«- ta the K^^urrt::" 11 "": 1 nodes to 

of the set to which toe parent twT, T ! " * °' 

~ snchfo^rireXcr:^ a — g *- a 

sanded ^ each coUapsibie, as htdicated by ZZZ^Z 

button taking the form of the icon E) Item n„ m u - 

1. "em numbers have been used in Fig. 3 
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a _r copending to Fig. 2, hence a generated discussion of Ffg 3 is 
not provided, for brevity. 8 

[003II The tree hierarchy 301 further includes: nodes 322-334 at the 
fourth .eve The fourth-.eve, nodes 322-326 report to the third-.eve, nl 2^ 
The fourth-level node 328 reports to the third-level node 212 The f !1 f , 
node 330 reports to the thirds node 21, .ud the TuleTe ^ 
334 report to the third-level node 218. 

[0032] Similarly, for the sake of example, the nodes in Fi* u 



Node # 


| Label "~ 


322 


daemon 


324 


admin 


326 


spop 


328 


tty:5 



Node # 


Label ~ J 


330 


daemon 


332 


tty:5 


334 


tape:26 



GUI T L ^ t0 ^ WtadOWS « Expiorer^-tvpc 

GUI, *e Me.Volu.nes node 206 has been depicted with a fo.der icon 43 
Though anions in hehavtor to a foider, the nodes 208 , 2lT 2 218 
corresponding to tnstances of ffle ^ (agaln rf ^ ^ 

nle-systenr-type, have heen depicted with the S icon (resembling a cyhnder,, 
the nodes 210 and 216 have been depicted with the ■ , 
-uette of a person tn front of a hoLn 1^, Z.Z ZTSZ 
218 have been depicted with the 48 i^r, . 

JH cJoS^-334 have been depicted 



with the IB icon (resembhng the silhouette of three peop.e, 

10034) The node 322 ("daemon-) and the node 3™ f-H 
different file systems, name*. W (node 208) ^ ^ J™» ' — - 
Yet nodes 329 «r,H 1 6 214)> respectively. 

and 330 can correspond to the same user. In other words, the 
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entity to which a fourth-level node corresponds can report indirectly to two or 
more file systems (to which respective second-level nodes correspond) 

10035] The table 204 will now be discussed in more detail. The table is 
adaptively arranged to provide a row corresponding to each of the nodes 
currently displayed in the tree hierarchy 201. As noted above, many of the 
nodes in the tree hierarchy are expandable/collapsible, which can vary the 
nodes which are currently displayed. The number of rows illustrated in the 
table 204 is adaptively arranged m response to the respective states (expanded 
vs. collapsed) of the expandab.e/coUapsib.e nodes. Also, the number oflrage 
consumers and groups of storage-consumers and/or file systems can vary 
hence the table 204 is also adaptively arranged reIa tive to such changes 

100361 In Fig. 2. the tab.c 204 includes rows 240-252 associated (and 
ahgned with) the nodes 206-220, respective*. ,„ Fig. 3 . the tab.e 304 further 
includes rows 370-382 associated (and aligned with, the nodes 322-334 
respectively. ' 

thirdT? , In genera1 ' 3 SeCOnd leVe ' node - 208. will have at least one 
Uurd-level node, e.g., 210 or 212 as long as quotas/lhnits are imposed upon 
^consumers that consume space upon it. If qu otas/Umita are not 
imposed, then ,he second-level node would not have a child node, as is the case 
with the fv3 node 220. 

attrioT 81 taWeS inClUde C °' UmnS 256 " 264 «-t show 

attnbutes of the respective nodes. The rows of the tables 204 and 304 include 

cells corresponding to the columns 256-264. Relative to the nodes 322-334 
^ columns show the following. The attribute of column 256 can be an 
amount of space consumed/used by the associated user/group on the 
respective aie system. The attribute of column 258 can be a soft IhL on 2 
amount „ f storage space ^ „ (o ^ 

hunt s dre cuota. or amount of storage space, that the administrator of the 
storage domain ,00 wishes to enforce upon the associated user/group 

to r ?r a hard on — 1 * ™* — 

P ace ZT rt USer/gr ° UP - A ^ " ^ " — ' <* 
space tha, the admmistrator wfl, permit the associated user/group to consume 
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100391 The attribute of column 262 can be a size of a grace period In 
which the soft hmlt can be exceeded by the associated user/group. A grace 
period is an amount of time that the administrator will permit the soft Umit to 
be exceeded. The grace period addresses the situation in which the soft limit 
was not exceeded before starting a data-writing operation but is exceeded at 
some point after the data-writing operation has begun. The understanding is 
that the user/group should delete data in due course after the data-writing 
operation has comp.eted in order to get his value of storage-consumed/used 
back to being below the soft limit. If the user/group does not get below the soft 
hmit within the grace period, no further data writing is permitted until the 
user/group gets below the soft hmit. Dropping below the soft limit can reset 
the grace period to the full amount. 

100401 Even if the grace period has not been exceeded, no data-writing 
operation is permitted to consume more than the hard Umit. Rather, the data 
writing operation would be failed at the point of exceeding the hard limit 

[00411 Relative to the nodes 210, 212, 216 and 218, the columns show 
default values for the attributes. Column 264 can indicate contact information 
e.g.. an email address, to which notice of exceeding a Umlt can be sent 

100421 In view of being arranged according to the nodes of the tree- 
hierarchy 201/301, the tables 204/304 cannot be sorted on the basis of an 

r ^ 3 C ° 1Umn C0ITeSp0nds ' Sh ° uld "a* be desired, the user can 
toggle the present GUI to Wustrate a corresponding sortab.e table in 
replacement of the graphic portion 200/300. Togghng can be achieved by 
selectmg the button for a tree-tab.e view (depicted with the icon M resembling 
a tree-table) or for a selectable-table view (depicted with the icon S 
resembling a table,. The present GUI can keep the two views synchronized with 

Tl 0 ^ **■ ^ ^ ****** * ~ «~ "mains 
highlighted in the toggled view. 

100431 A result of such toggling ls shown in Fig. 4, which depicts a 
graphic* portion 400 according to another embodiment of the invention The 
graphical portion 400 is a table (hereafter the "sortable table 400", sortab.e on 
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toe basisofan attribute to which a commn corresponds. , n the example of Ftg. 
4, the sortable table 400 corresponds to the table 304. 
10044] Abo ta ^ example of ^ 4 ta addmon 

» ^e tables 204/304, the table 400 iurtoer includes columns 488-49 tT 
attnbute of commn 488 ean be the ,abel of toe node wtth whleh toe roJl 

~ r bute of coiumn 490 ca - be - *» - — ~: 

-to toe row, whteh also is the type of entity (user or group, assoeiated with the 
row. The attribute of column 492 can be the label of the file system ,ffle 
volume, on which the associated user /g roup has been aUotted 

not 27i zrzz: it r /304 ' tte sortabie tebie 400 - 

rows 240 252. Alternatively, other combtaaUons of rows can be 
shown. e.g„ additionally showing the rows 244, 246. 250 and 251 
[0046] In parUcular , ^ sortabIe taWe 40Q 

be IT:?-^ C °' Umn 49 °- ^ ^ S ° rt ~ « -ondary s rt el 
be exited, e.g., alphabeticaUy with respect to user/group name. 

toepreLuiTrr nces between —** 2 -»» «» 3 — *~ 

toe present GUI facmtates a user's drilling down from a broad view to a specific 
vtew, which can make relationships between me systems, default ^ 
vanous attributes, currently exhibited vames of various attributes, etc Lte 
to comprehend. Similarly, the ability to do attribute-based sorting of Z 
relabonships facilitates their comprehension. 

[0048] The relative sequence, left to right, or vice-verea of t h. , 

toe b 004 !' ^ eXPa " Se ° f graPWC POrU ° nS 200 ' 30 °- 400 could exceed 
to boundanes of the panes in which they are iuustrated. ,f so the Cm 1 

au,o„y provide vertical and/or hortzonta, scroll bars as needed 

can ^e L * ' S ,T ^ f ° reg0tag ' embo ^n,s of toe invenuon 

sol J SOftW8re C °"~ ■**«•<• to run such 

software and/or methods. The software can be offered to the user inTe f 

- - computer-readable storage medium. The storage medium m" J ™ 

medmm mstahed inside a computer mam body or removable melm a^o 
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so .hat it can be separated from the computer main body. Examp.es of the 
budt-m medium include, but are not limited to, rewriteable non-volatile 
memories, such as ROMs and flash memories, and hard disks. Examples of the 

~ ZTZ T ude ' but not " *>• m st ™& «* 

as CD-ROMs and DVDs; magneto-optical storage media, such as MOs- 
magnetism storage media, such as floppy disks (trademark,, cassette tapes' 
and removable hard disks; media with a bunt-in rewrfteable non-voll 
^ ^ ^ <** » d ™«* ^th a built-in ROM, such as ROM 

[0051] The invention being thus described, it will be obvious that the 
same may be varied m many ways. Such variations are not to be regarded as a 
departure from the spirit and scope of the invention, and al, such modifications 
are mtended to be included within the scope of the invention 
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